Jsc and FF decreased gradually with further increase of GQDs in PEDOT:PSS. Because GQDs can also absorb over a wide range of the visible spectrum, it was expected that the high contents of GQDs in PEDOT:PSS film was able to decrease the solar light penetration in Figure S5 A. In addition, when the concentration of GQDs in the PEDOT:PSS layer exceeded the optimum point, sp 3 carbons on GQDs with functionalities such as hydroxyl, carboxyl and carbonyl groups lead to poor electrical properties, resulting in a decrease of FF value. [2, 4] . Cyclic voltammetry (CV) curves (scanning rate of 50 mV/s) of GQDs deposited on a platinum (Pt) sheet in acetonitrile solution with 0.1M tetrabutylammonium hexafluorophosphate as an electrolyte. Pt foil and Ag/AgCl were used as the counter and the reference electrodes. GQD solutions were drop-cast on the Pt sheet and fully dried to prepare the working electrode. [5] While GQDs had -5.5 eV of high HOMO (highest occupied molecular orbital) level [5] , PEDOT:PSS had -5.2 eV of work function, so it could result in the formation of leakage current in OPVs, which is a possible reason for the slightly decreased Rsh. In our previous report, the resistance through the BHJ solar cell could be improved by incorporating of rGQDs in the BHJ film owing to the high conductivity of sufficient sp 2 carbons in rGQDs, synthesized by the deoxidization process using hydrothermal method. Hence, the shunt resistance value was outstandingly improved. [2] Analogous to that case, the shunt resistance of the device composed of rGQD incorporated PEDOT:PSS layer was much increased as shown in Table 1 . However, the poor dispersibility of rGQDs in a polar solvent and PEDOT:PSS solution resulted in mischievous huge aggregations in the PEDOT:PSS film. Thus the contact properties of PEDOT:PSS layer could be deteriorated and this result induced the decrease of Voc value. In addition, aggregated large size of rGQD particles could absorb the light under about 430 nm of wavelength region and quench the light energy into the heat, they might interrupt the light penetration. From this reason, GQDs disturbed the absorption of solar light in BHJ layer, and it resulted in decrease of light harvesting performance as shown in Figure S10 . Nevertheless rGQDs had high electrical conductance, the introduction of rGQD-incorporated PEDOT:PSS layer in the BHJ solar cell made a disappointing result in device performance. The device performance was average, as measured by four devices. To determine the cell area, the circular aperture (11.43mm 2 ) was used on top of the active area (15.71 mm 2 ). The shunt resistance values (Rsh) were obtained by using a same calculation process with our previous report. [3] *PCE = (   ) ℎ (100 2 )
